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METHOD AND SYSTEM FOR STICK-SLIP
MITIGATION

BACKGROUND

Hydrocarbons, such as o1l and gas, are commonly
obtained from subterranean formations that may be located
onshore or offshore. The development of subterrancan
operations and the processes mvolved 1n removing hydro-
carbons from a subterrancan formation are complex. Typi-
cally, subterranean operations involve a number of different
steps such as, for example, drilling a wellbore at a desired
well site, treating the wellbore to optimize production of
hydrocarbons, and performing the necessary steps to pro-
duce and process the hydrocarbons from the subterrancan
formation.

Subterranean drilling apparatuses such as drill bits, drill
strings, bottom-hole assemblies (BHASs), and/or downhole
tools may contact the borehole wall 1n such a way that they
become caught or lodged in the borehole wall, causing the
drill string to “stick.” When the drilling apparatus “sticks,”
the rotational movement of the drill string 1s either stopped
or severely decreased. Torque 1s still imparted to the drill
string at the surface, despite the drilling apparatus being
stuck, causing the drill string to twist. Once the torque
applied to the dnll string overcomes the force of static
friction on the dnlling apparatus, the drill string “slips™ or
releases from the borehole wall. This phenomenon may
decrease the lifespan of downhole components, decrease the
quality of the borehole, and delay the drilling operation.

BRIEF DESCRIPTION OF THE DRAWINGS

These drawings illustrate certain aspects of the presented
disclosure and should not be used to limit or define the
disclosure.

FIG. 1 illustrates an example of a drilling system.

FIG. 2 illustrates an example of a system to detect and
mitigate stick-slip.

FIG. 3 illustrates another example of a system to detect
and mitigate stick-slip.

FIG. 4 illustrates another example of a system to detect
and mitigate stick-slip.

FIG. 5 illustrates another example of a system to detect
and mitigate stick-slip.

FIG. 6 1s a graph of targeting multiple frequencies of
stick-slip.

FIG. 7 1s a graph showing examples of filtering stick-slip.

FIG. 8 1s a graph showing another example of filtering
stick-slip.

FIG. 9 1s a graph showing another example of filtering
stick-slip.

FIG. 10 1s a graph showing another example of filtering
stick-slip.

DETAILED DESCRIPTION

The present disclosure 1s directed to downhole tools and
more particularly to systems and methods for observing
stick-slip frequencies and dampening stick-slip across a
wide frequency range. Controlling stick-slip across a drilling,
system may prevent premature wear and tear across the
entire drilling system.

FIG. 1 1s a diagram of an example drilling system 100,
according to aspects of the present disclosure. The drilling
system 100 may include a rig 102 mounted at the surface
122, positioned above a borehole 104 within a subterranean
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formation 106. Although the surface 122 1s shown as land 1n
FIG. 1, the dnlling ng of some examples may be located at
sea, 1n which case the surface 122 would comprise a drilling
plattorm. A dnlling assembly may be at least partially
disposed within the borehole 104. The drilling assembly
may comprise a drill string 114, a bottom hole assembly

(BHA) 108, a drill bit 110, and a top drive 126 or rotary
table. The drill string 114 may comprise multiple dnll pipe

segments that may be threaded together. The BHA 108 may
be coupled to the drill string 114, and the drill bit 110 may
be coupled to the BHA 108. The top drive 126 may be

coupled to the dnll string 114 and impart torque and rotation
to the dnll string 114, causing the drill string 114 to rotate.
Torque and rotation imparted on the drill string 114 may be

transterred to the BHA 108 and the drill bit 110, causing both
to rotate. The rotation of the drill bit 110 by the top drive 126
may cause the drill bit 110 to engage with or drill into
subterrancan formation 106 and extend the borehole 104.
Other drilling assembly arrangements are possible, as would
be appreciated by one of ordinary skill 1n the art in view of

this disclosure.

The BHA 108 may include tools such as LWD/MWD
clements 116 and telemetry system 112 and may be coupled
to the drill string 114. The LWD/MWD elements 116 may
comprise downhole istruments, including sensors 160 that
measure downhole conditions. While drilling 1s 1in progress,
these istruments may continuously or intermittently moni-
tor downhole conditions, drilling parameters, and other
formation data. Information generated by the LWD/MWD
clement 116 may be stored while the instruments are down-
hole, and recovered at the surface later when the drill string
1s retrieved. In certain examples, information generated by
the LWD/MWD element 116 may be communicated to the
surface using telemetry system 112. The telemetry system
112 may provide communication with the surface over
various channels, including wired and wireless communi-
cations channels as well as mud pulses through a drilling
mud within the borehole 104.

The dnll string 114 may extend downwardly through a
surface tubular 150 into the borehole 104. The surface
tubular 150 may be coupled to a wellhead 151 and the top
drive 126 may be coupled to the surface tubular 150. The
wellhead 151 may include a portion that extends into the
borehole 104. In certain examples, the wellhead 109 may be
secured within the borehole 104 using cement, and may
work with the surface tubular 150 and other surface equip-
ment, such as a blowout preventer (BOP) (not shown), to
prevent excess pressures from subterranean formation 106
and borehole 104 from being released at the surface 103.

During dnlling operations, a pump 152 located at the
surface 122 may pump drilling fluid from a surface reservoir
153 through the upper end of the drill string 114. As
indicated by arrows 154, the drilling fluid may flow down
the interior of dnll string 114, through the drill bit 110 and
into a borehole annulus 155. The borehole annulus 1535 1s
created by the rotation of the drill string 114 and attached
drill bit 110 1n borehole 104 and 1s defined as the space
between the interior/inner wall or diameter of borehole 104
and the exterior/outer surface or diameter of the drill string
114. The annular space may extend out of the borehole 104,
through the wellhead 151 and into the surface tubular 150.
The surface tubular 150 may be coupled to a fluid conduit
156 that provides fluid communication between the surface
tubular 150 and surtace reservoir 153. Dnlling flid may exat
from the borehole annulus 155 and flow to surface reservoir

153 through the fluid conduit 156.
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In certain examples, at least some of the drilling assembly,
including the drill string 114, BHA 108, and drill bit 110 may
be suspended from the rig 102 on a hook assembly 157. The
total force pulling down on the hook assembly 157 may be
referred to as the hook load. The hook load may correspond
to the weight of the drnilling assembly reduced by any force
that reduces the weight. Example forces include friction
along the wellbore wall and buoyant forces on the drill string
114 caused by 1ts immersion 1n drilling fluid. When the drll
bit 110 contacts the bottom of subterranean formation 106,
the formation will oflset some of the weight of the drilling
assembly, and that offset may correspond to the weight-on-
bit of the dnlling assembly. The hook assembly 157 may
include a weight indicator that shows the amount of weight
suspended from the hook assembly 157 at a given time. In
certain examples, the hook assembly 157 may include a
winch, or a separate winch may be coupled to the hook
assembly 157, and the winch may be used to vary the hook
load/weight-on-bit of the drilling assembly.

In certain examples, the drilling system 100 may com-
prise an miformation handling system 124 positioned at the
surface 122. The information handling system 124 may be
communicably coupled to one or more controllable elements
of the drilling system 100, including the pump 152, hook
assembly 157, LWD/MWD elements 116, and top drive 126.
Controllable elements may comprise drilling equipment
whose operating states may be altered or modified through
an electronic control signal. The information handling sys-
tem 124 may comprise an information handling system that
may at least partially implement a control system or algo-
rithm for at least one controllable element of the drilling
system 100.

In certain examples, the information handling system 124
may receive mputs from the drilling system 100 and output
one or more control signals to a controllable element. The
control signal may cause the controllable element to vary
one or more drilling parameters. Example drilling param-
eters include drilling speed, weight-on-bit, and drilling flmd
flow rate. The control signals may be directed to the con-
trollable elements of the drilling system 100 generally, or to
actuators or other controllable mechanisms within the con-
trollable elements of the drilling system 100 specifically. For
example, the top drive 126 may comprise an actuator
through which torque imparted on the drill string 114 1s
controlled. Likewise, hook assembly 157 may comprise an
actuator coupled to the winch assembly that controls the
amount of weight borne by the winch. In certain examples,
some or all of the controllable elements of the dnlling
system 100 may include limited, integral control elements or
processors that may receive a control signal from the nfor-
mation handling system 124 and generate a specific com-
mand to the corresponding actuators or other controllable
mechanisms.

In the embodiment shown, control signals may be
directed to one or more of the pump 152, the hook assembly
157, the LWD/MWD elements 116, and the top drive 126. A
control signal directed to the pump 152 may vary the tlow
rate of the drilling fluid that 1s pumped into the drill string
114. A control signal directed to the hook assembly 157 may
vary the weight-on-bit of the drilling assembly by causing a
winch to bear more or less of the weight of the drilling
assembly. A control signal directed to the top drive may vary
the rotational speed of the dnll string 114 by changing the
torque applied to the drill string 114. A control signal
directed to the LWD/MWD elements 116 may cause the
LWD/MWD elements 116 to take a measurement of subter-
ranean formation 106 or may vary the type or frequency of
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4

the measurements taken by the LWD/MWD elements 116.
Other control signal types would be appreciated by one of
ordinary skill in the art 1n view of this disclosure.

As 1llustrated, information handling system 124 may
communicate with BHA 108 through a communication link
161 (which may be wired or wireless, for example) Infor-
mation handling system 124 may include a processing unit
162, a monitor 164, an mput device 166 (e.g., keyboard,
mouse, etc.), and/or computer media 168 (e.g., optical disks,
magnetic disks) that may store code representative of the
methods described herein. In addition to, or 1n place of
processing at surface 122, processing may occur downhole.

Systems and methods of the present disclosure may be
implemented, at least in part, with mformation handling
system 140. While shown at surface 122, information han-
dling system 140 may also be located at another location,
such as remote from borehole 104 or downhole. Information
handling system 140 may include any instrumentality or
aggregate ol instrumentalities operable to compute, esti-
mate, classily, process, transmit, receive, retrieve, originate,
switch, store, display, manifest, detect, record, reproduce,
handle, or utilize any form of imnformation, intelligence, or
data for business, scientific, control, or other purposes. For
example, an information handling system 140 may be a
personal computer 144, a network storage device, or any
other suitable device and may vary 1in size, shape, perfor-
mance, functionality, and price. Information handling sys-
tem 140 may include random access memory (RAM), one or
more processing resources such as a central processing unit
(CPU) or hardware or software control logic, ROM, and/or
other types of nonvolatile memory. Additional components
of the information handling system 140 may include one or
more disk drives, one or more network ports for communi-
cation with external devices as well as various mnput and
output (I/0) devices, such as a keyboard 148, a mouse, and
a video display 146. Information handling system 140 may
also 1nclude one or more buses operable to transmit com-
munications between the various hardware components.

During drilling operations, drill bit 110 may experience
stick-slip. Stick-slip may be defined as a spontaneous jerk-
ing motion that may occur while two objects may be sliding
over each other. For example, as drill bit 110 rotates within
subterranean formation 106, drill bit 110 may break, tear,
drill, and/or grab into elements and/or materials that may
comprise subterrancan formation 106. Subterrancan forma-
tion 106 may be made of hard and/or soit elements and/or
material. As dnll bit 110 rotates, a spontancous jerking
motion may occur as drill bit 110 slides across hard material
and/or elements. Likewise, drill bit 110 may experience a
spontaneous jerking motion as soiter material and/or ele-
ments are crushed and removed faster than other material
and/or elements around them. Stick-slip mnduced vibration
may cause bit wear of drill bit 110, premature tool failure,
and poor drilling performance. One way to mitigation stick-
slip may be through smart control of top drive 126. Current
technology may absorb vibration wave at a fundamental
frequency by tuning a proportional-integral (PI) controller
gains. However, it stick-slip induced vibrations may exist at
more than one single frequency. Therefore, tuning a propor-
tional-integral (PI) controller may not be enough. As dis-
cussed below, frequencies may be determined from surface
measurements including top drive RPM and torque, calcu-
lation from a model, analyzing downhome measurement
data, surface torque frequency map, pulsed downhole fre-
quency information from a downhole sensor, and/or any
combination thereof. Thus, a controller that may absorb the
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vibration waves at more than one fundamental frequency
while regulating the drill string speed to the desired setpoint
may be beneficial.

Downhole torsional vibration dynamics may be a main
contributor to stick-slip dynamics. Stick-slip induced vibra-
tional waves travel along drill string 114 back and forth
between drill bit 110 and top drive 126. Therefore, torque at
top drive 126 may be manipulated to mitigate the vibration
of drill string 114 and also mitigate the stick-slip motion. In
other words, it may absorb or attenuate the torsional vibra-
tion wave that travels towards it.

As discussed above, stick-slip induced vibrations do not
exist at a single frequency, and a PI controller cannot
mitigate stick/slip at all vibration frequencies. Vibrations at
frequencies other than the one chosen for mitigation may
cven be amplified. To overcome the shortages of a PI
controller, a controller with a wider bandwidth to attenuate
multiple frequencies and better setpoint tracking ability 1s
discussed below.

The torsional dynamics of a drill string may be modeled
by a wave equation:

(1)

9° u
ar?

zazu
" — =
O x?

where ¢ is the wave speed and is equal to VG, /p, assuming

G, , 1s the shear modulus and p 1s the density of drill string.
It should be noted that u=u(x,t) may represent the rotation
angle €2(x, t). The general solution to the equation may be
written as:

u(x, r):f(r+§)+g(r—f) (2)

C

where 1 and g are univariate function determined by 1nitial
and boundary conditions. 1(-) 1s the wave travelling upwards
carrying stick-slip signals, and g(-) 1s the wave travelling
downwards. Applying the boundary condition at top drive
x=0 gives:

Sl o= —Fc (3)

where J 1s the equivalent top drive inertia, F - 1s the top drive
torque output by a controller, and

Ju (4)
Fe=—Gyl—
dx [x=0

1s the torque from the drill string. I 1s the second moment of
area. Then, the boundary condition at top drive becomes:

Gar f S
1+ o = Fr+ =) 7

which 1s equivalent to:

Gl 6
FT:J(f”+g"’)—TM(f"—g") Py ©)
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It should be noted that top drive speed may be:

du

B a.x =0

(7)

V =(f"+£!)|x:0

Taking Laplace transform at top drive x=0 yields:

L{u(}=LIfin L gD} (8)

which 1s denoted by

Uols)=F(s)+G(s) (9)

Let the controller Gc¢(s) have a general form:

b, s +b, (s +bs+b,, (10)

G, =

(e S + 15+ L+ ares + 1

where mc=nc to ensure causality. Additionally, ncz2 1s
required so that G¢ may not be 1n the form of proportional-

integral (PI) control. Then, with RPM measurement as
teedback which 1s denoted by V(s), the top drive torque Fr
may be expressed by:

Fr) = Ge(s)R(s) — Vs)] (11)

= Ge(5)[R(s) —sU,(s)]

= G.(s)[R(s) — s(F(s) + G(s))]

where R(s) 1s the Laplace transform of setpoint r(t). Simi-
larly, the torque from drill string Fc 1n frequency domain 1s
written as:

Gl

- - (12)
——s[F(s) - G(s)]

Fe(s)=-

Boundary condition at x=0 1n frequency domain:

5 Gl Gl (13)
Js“(F+G)=5-G¢ + el F+s| -G — el G+ Ge(s)R(s)
Therefore:
(ol 14
_Is+ 26, ) (14)
G(s) = Gl F(s)+ Gl R(s)
Js+ — + G slJs + — + G
C C

The first term describes the reflection of stick-slip wave at
top drive, while the second term shows the setpoint tracking
performance.

As shown above, a controller G¢c may be designed that
satisfies four objectives. A {first objective may be a closed
loop transfer function between the torsional wave trans-
terred towards top drive (F(s)) and reflected back towards bit
(G(s)) has a small magnitude at the observed stick-slip
frequencies. A second objective may be that the controller
may be tuned to control the bandwidth (the frequency band
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where stick-slip induced vibrations may be substantially
mitigated) while maintaining attenuation level, so that it
may cover the situation when the observed frequencies may
be off the true stick-slip frequency within certain limits. A
typical PI controller cannot independently control band-
width without sacrificing attenuation level. A third objective
may be to form a closed loop transier function between the
torsional wave transierred towards top drive (F(S)) and
reflected back towards (G(s)) (e.g., drill bit 110) has no
amplification at any frequencies. A fourth objective may be
to form a closed loop transier function between the setpoint
R(s) and reflected back towards (G(s)) (e.g., drill bit 11) has
steady state magnitude 1 within a finite settling time.

These objectives may remove constraints from a PI con-
troller format where the system and method may begin with
a general {filter structure. This may allow the capability to
extend to other filters to mitigate more than two frequencies.

For example, denote the desired characteristics of stick-
slip reflection as:

G(s) 4 N(s)

oo (15)
““TF(s) T D(s)

Hence

Gl (16)
—Js + c Ge N(S)  buS" + by s+ .. +bis+b,

Gl =Ge = D(s) " S a, ST+ ras+a,
JS -+ T -+ GC

Controller Gc¢ 1s solved to be:

Gu 1 (17)
Gyl 1-Ge, —HSD+N)+——(D=N)

& = —Js+ =
C(S) > C l'l'GCL

D+ N

In order for Ge to be causal, N and D have the same order,
1.e., m=n. Coetlicients of highest order of N and D may be
complementary, (1.e., b_=-1). Coellicients of second-high-
est order satisty:

Gl
A1 + b1 = 2—
JC

(18)

The equivalent physical meaning 1s first that the desired
filter must be band stop, second the high-frequency gain of
filter must be 1, phase shift must be —180°, and third the
“high frequency” 1s defined by the highest-possible stick-
slip frequency generated by drnll bit 110 (e.g., referring to
FIG. 1).

The desired characteristics of stick-slip retlection must
satisfy the three requirements above. Otherwise, the con-
troller may not be infeasible for implementation. Controller
Gc¢ may be implemented in through direct implementation,
Pl+filter implementation, and implementation by changing
setpoint.

FI1G. 2 illustrates direct implementation. In direct imple-
mentation, controller 200 may control the torque of top drive
126 with a RPM feedback look 202. Since the order of G¢
1s greater than or equal to 2, 1t may be broken into two parts.
A first part may be C, defined as a PI controller, and a second
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part C2 defined as the remaining high-order filter such that
Gc=C,-C,. FIG. 3 illustrates two distinct parts. C1 1s imple-
mented 1n the vanable-frequency drive (VEFD) 300 of top

drive 126 by providing P and I parameters in PI controller
302. Filter 304 comprising C2 may be feed into VFD 300 or

may also be implemented on the RPM feedback loop 202 as
illustrated 1n FIG. 4.

FIG. 4 illustrates implementation with filter C2 on the
teedback line. In this implementation, mathematically, equa-
tion for torque for top drive 126 may be modified to:

Fr = C1(s)[R(s) — C2V(s)] (19)

= C1(5)[R(s) — Ca(s) - s(F(s) + G(5))]

since

Vis)=L[uy(D)]|=sUs=5(F+G) (20)
The boundary condition at top drive 126 becomes:
, Gl (21)
JSH(F +G) = Ci[R = Ca-5(F + G)] + ——s(F = G) =
s{—Gﬂ n GMI]F +s(—Gﬂ - GMI]G+ C\R
C C
G(s) = —JIs+Gyl/c—-G, F(s) 1 (s) (22)

+ R
Is+ Gyl /G, s(Js+ Gy l/c+GL)

It should be noted that the transfer function form F to G
remains the same compared to direct implementation.
Dynamics from setpoint R to rotational speed of reflected
wave G becomes:

Gis) Cy (23)

R(s) Js+Guyl/c+G.

FIG. 4 illustrates the signal flow within the control
system. By manipulating the top drive torque to control the
rpm, the observed stick-slip torsional wave may absorbed by
top drive 126. The wave absorption at different frequencies
may be tuned by adjusting the filter coeflicients and option-
ally the parameters of PI controller. The filtered RPM
measurement C,(s)V(s) 1s the feedback signal compared
against the setpoint within the PI controller. Thus, filter 304
may be disposed with any existing PI controller within VFD
300.

It should be noted that implementation of PI controller
302 may not be limited to the FIGS. 2-4. In examples, the
controller/filter may be converted to discretized-time
domain for computer implementation. FIG. § illustrates an
implementation where a setpoint 1s changed. This may be
appropriate with top dnve 126 of VFD 300 may have an
internal feedback loop 500. Changing setpoint to VED 300
may be required to mmplement Gc¢. In FIG. 5, the RPM
measurement V(s) feed back into PI controller 302 control-
ler through internal feedback loop 500, which may avoid any
potential change need to be made in the VFD control.
Instead, this measurement V(s) 1s pre-added to the RPM
setpoint through filter (C,(s)-1), identified as setpoint filter
502, to generate the filtered setpoint signal to feed into PI
controller 302. The overall close loop transfer function
remains the same.
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A method to be implemented with this system may be
begin with determining at least one frequency of stick-slip
vibration. This may be done by analyzing surface measure-
ments including top drive RPM and torque, calculation from
a model, analyzing downhole measurement data, or a com-
bination of the three. Another step may be determiming
mechanical properties of the drilling system. This may
include equivalent top drive inertia, shear modulus, density
and moment of drill string. An additional step may include
determining a controller having at least second order that
produces a torque signal. The controller may be designed
according to the aforementioned design guideline; or found
by trial and error until a satisfied stick-slip retlection char-
acteristic 1s obtained; or determined by enumerating coet-
ficients and selecting the one with best stick-slip reflection
characteristic. Method steps may further include controlling
the rotation of the top of drill string by outputting the torque
produced by the controller. These steps may culminate to a
step for damping stick-slip vibration of the drilling system
100 (e.g., referring to FIG. 1). These steps may be repeated
when there exists a change 1n stick-slip vibration frequencies
or mechanical parameters.

The current existing and the proposed vibration mitigation
method requires the mformation about the system proper-
ties, include the top drive rotational inertia, drill pipe shear
modulus, and density. Simulations 1illustrated 1n FIGS. 6-10
are done to show that the prosed controller 1s robust to
perform the methods described above.

For example, given the mechanical properties of the
system as J=320 kg'm”, p=7850 kg/m°, and I=1.3708x107>
m*. A method and system designed according to the above

guidelines to attenuate stick-slip at 0.8 Hz and 3 Hz is
simulated below where:

(24)

s* + 59975 +49.42
G. = 1053 .(1 .

55.22]
52 +3.295+190.3

S

As 1llustrated in FIG. 6, the stick-slip at 0.8 Hz and 3 Hz

may be simultaneously suppressed.
FIG. 8 1illustrates a high-order controller separated into
two parts (e.g., FIGS. 3 and 4), methods above may show:

a5t T 3997 +49.42 (25)
2T Y2 13005+ 190.3
As a Filter and a PI Controller
(26)

35.22
C) = 273.47(1 + ]
S

For implementation of C, in FIG. 2-4 on a computing
device, for example, a computer, a digital filter, or a field-
programmable gate array (FPGA), given a sampling rate of
100 Hz, the continuous-time filter C,(s) 1s discretized as

72 —1.929z +0.9342 (27)

z* —1.949z + 0.9676

(7(2) =

With the discrete-time filter (27), the relation between error
and filtered error 1n FIG. 4 1s
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e (k) =e(k)-1.929e(k-1)+0.9342e(k-2)+1.949¢ (k)-
0.9676¢ (k)

where e/(k) and e(k) are filtered error and RPM error,

respectively. k denotes time 1nstant 1n discrete-time domain.
The setpoint tracking performance 1s illustrated in FIGS.
7 and 8 1llustrate about the same settling time, less oscilla-
tion, and less overshot.
Assuming 10% error, as illustrated 1 FIG. 9, in combi-
nation in terms of Gl/c=/G,p. Since the outer diameter

(OD) and mner diameter (ID) of dnill pipes may be fairly
accurate, second moment of 1inertia I may be little error. This
means G and p may have 10% error each. Results from FIG.
9 1llustrate no shift in critical frequencies and Magnitude of
attenuation may be slightly affected.

Assuming 20% error 1n I, as illustrated in FIG. 10, n
combination in terms of GI/c=VG, 0. Only slight frequency

shift 1s observed at the first mode. Crtical frequency of the
second mode 1s shifted about 0.15 Hz. However, magnitude
around the true frequency of second mode 1s still acceptable.

This method and system for observing stick-slip frequen-
cies and dampening stick-slip across a wide frequency range
may include any of the various features of the compositions,
methods, and system disclosed herein, including one or
more of the following statements.

Statement 1. A method for dampening a stick-slip vibra-
tion in drilling, may comprise determining at least one
frequency of a stick-slip vibration; determining mechanical
properties of the drilling system; producing a torque signal
from a controller having at least a second order; controlling
a rotational speed of a top drive from the torque signal
produced by the controller; and damping stick-slip vibration
of the drilling system.

Statement 2. The method of statement 1, further compris-
ing analyzing surface measurements to determine the at least
one frequency of stick-slip vibration.

Statement 3. The method of statement 2, wherein the
surface measurements comprise revolution per minute,
torque, calculation from a model, analyzing downhole mea-
surement data, or any combination thereof.

Statement 4. The method of statements 1 or 2, wherein the
mechanical properties comprise equivalent top drive 1nertia,
shear modulus, or density and moment of a drill string.

Statement S. The method of statements 1, 2, or 4, wherein
the controller 1s 1implemented with a top drive vanable-
frequency drive.

Statement 6. The method of statement 5, wherein the top
drive variable-frequency drive comprises an internal feed-
back loop.

Statement 7. The method of statements 1, 2, 4 or 5, further
comprising altering the controller with a feedback loop.

Statement 8. The method of statement 7, wherein the
teedback loop comprises a filter.

Statement 9. The method of statement 8, wherein the filter
1s a setpoint filter.

Statement 10. The method of statements 1, 2, 4, 5, or 7,
further comprising identifying the at least one frequency of
the stick-slip vibration from a surface torque frequency map.

Statement 11. A drilling system may comprise a top drive,
wherein the top drive comprises a top drive vanable-ire-
quency drive; a drill string, wherein the drill string 1s
attached to the top drive; a bottom hole assembly, wherein
the bottom hole assembly 1s connected to the drill string; a
drill bit, wherein the drill bit 1s connected to the bottom hole
assembly; and an information handling system, wherein the
information handling system 1s configured to record at least
one frequency from a stick-slip vibration.

(28)
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Statement 12. The drilling system of statement 11,
wherein the top drive vanable-frequency drive comprises a
controller and wherein the controller 1s at least a second
order that produces a torque signal.

Statement 13. The dnlling system of statement 12,
wherein a feedback loop 1s attached to the controller and the
teedback loop comprises a filter.

Statement 14. The dnlling system of statement 13,
wherein the filter 1s a setpoint filter.

Statement 15. The drilling system of statements 11 or 12,
wherein the mformation handling system 1s configured to
analyze surface measurements to determine the at least one
frequency of stick-slip vibration.

Statement 16. The dnlling system of statement 15,
wherein the surface measurements comprise revolution per
minute, torque, calculation from a model, analyzing down-
hole measurement data, or any combination thereof.

Statement 17. The drilling system of statements 11, 12, or
15, wherein the information handling system 1s configured
to determine one or more mechanical properties include
equivalent top drive inertia, shear modulus, or density and
moment of a drill string.

Statement 18. The dnlling system of statements 11, 12,
15, or 16, wherein the information handling system 1is
configured to identity the at least one frequency of the
stick-slip vibration from a surface torque frequency map.

Statement 19. The drilling system of statements 11, 12,
15, or 18, wherein the top drive vanable-frequency drive
comprise an internal feedback loop.

Statement 20. The dnlling system of statements 11, 12,
15, 18, or 19, wherein the information handling system 1is
configured to alter a controller with a feedback loop.

The preceding description provides various examples of
the systems and methods of use disclosed herein which may
contain different method steps and alternative combinations
of components. It should be understood that, although
individual examples may be discussed herein, the present
disclosure covers all combinations of the disclosed
examples, including, without limitation, the different com-
ponent combinations, method step combinations, and prop-
ertiecs of the system. It should be understood that the
compositions and methods are described 1n terms of “com-
prising,” “containing,” or “including” various components
or steps, the compositions and methods may also “consist
essentially of” or “consist of” the various components and
steps. Moreover, the indefinite articles “a” or “an,” as used
in the claims, are defined herein to mean one or more than
one of the element that 1t introduces.

All numerical values within the detailed description and
the claims herein modified by “about” or “approximately”
with respect to the indicated value 1s mtended to take 1nto
account experimental error and vanations that would be
expected by a person having ordinary skill in the art.

For the sake of brevity, only certain ranges are explicitly
disclosed herein. However, ranges from any lower limit may
be combined with any upper limit to recite a range not
explicitly recited, as well as, ranges from any lower limait
may be combined with any other lower limit to recite a range
not explicitly recited, 1in the same way, ranges from any
upper limit may be combined with any other upper limait to
recite a range not explicitly recited. Additionally, whenever
a numerical range with a lower limit and an upper limit 1s
disclosed, any number and any included range falling within
the range are specifically disclosed. In particular, every
range of values (of the form, “from about a to about b,” or,
equivalently, “from approximately a to b,” or, equivalently,
“from approximately a-b”) disclosed herein 1s to be under-
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stood to set forth every number and range encompassed
within the broader range of values even i1f not explicitly
recited. Thus, every point or individual value may serve as
its own lower or upper limit combined with any other point
or individual value or any other lower or upper limit, to
recite a range not explicitly recited.

Therefore, the present examples are well adapted to attain
the ends and advantages mentioned as well as those that are
inherent therein. The particular examples disclosed above
are illustrative only, and may be modified and practiced 1n
different but equivalent manners apparent to those skilled 1n
the art having the benefit of the teachings herein. Although
individual examples are discussed, the disclosure covers all
combinations of all of the examples. Furthermore, no 1imi-
tations are intended to the details of construction or design
herein shown, other than as described 1n the claims below.
Also, the terms in the claims have their plain, ordinary
meaning unless otherwise explicitly and clearly defined by
the patentee. It 1s therefore evident that the particular illus-
trative examples disclosed above may be altered or modified
and all such variations are considered within the scope and
spirit of those examples. It there 1s any contlict in the usages
of a word or term 1n this specification and one or more
patent(s) or other documents that may be incorporated
herein by reference, the defimitions that are consistent with
this specification should be adopted.

What 1s claimed 1s:

1. A method for dampening a stick-slip vibration in
drilling, comprising;

determining two or more frequencies of stick-slip vibra-

tion;

determining mechanical properties of a drilling system:;

initiating a torque output from a controller using a revo-

lutions per minute (RPM) setpoint, wherein the con-
troller utilizes a second order linear differential equa-
tion;

controlling a rotational speed of a top drive from the

torque signal produced by the controller; and
absorbing the two or more frequencies of stick-slip vibra-
tion along a drill string concurrently.

2. The method of claim 1, further comprising analyzing
surface measurements to determine the two or more {re-
quencies of stick-slip vibration.

3. The method of claim 2, wherein the surface measure-
ments comprise RPM, torque, calculation from a model,
analyzing downhole measurement data, or any combination
thereof.

4. The method of claim 1, wherein the mechanical prop-
erties comprise equivalent top drive nertia, shear modulus,
or density and moment of the drill string.

5. The method of claim 1, wherein the controller is
implemented with a top drive variable-frequency drive.

6. The method of claim 5, wherein the top drive variable-
frequency drive comprises an internal feedback loop.

7. The method of claim 1, further comprising altering the
controller with a feedback loop.

8. The method of claim 7, wherein the feedback loop
comprises a filter.

9. The method of claim 8, wherein the filter 1s the setpoint
filter.

10. The method of claim 1, further comprising identifying
the two or more frequencies of stick-slip vibration from a
surface torque frequency map.

11. A dnlling system comprising:

a top drive, wherein the top drive comprises a top drive

variable-frequency drive;
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a controller configured to receives an mput of a revolu-
tions per minute (RPM) setpoint that 1s processed with
at least a second order linear differential equation that
produces a torque signal and wherein the RPM setpoint
initiates a torque output from the controller;

a drill string, wherein the drll string 1s attached to the top
drive;

a bottom hole assembly, wherein the bottom hole assem-
bly 1s connected to the drill string;

a drill bit, wherein the drill bit 1s connected to the bottom
hole assembly; and

an information handling system, wherein the information

handling system 1s configured to record two or more

frequencies of stick-slip vibration and control the drill
string to absorb the two or more frequencies of stick-
slip vibration concurrently on the drill string by con-
trolling the top drive.

12. The drilling system of claim 11, wherein a feedback
loop 1s attached to the controller and the feedback loop
comprises a filter.

13. The drilling system of claim 12, wherein the filter 1s
a setpoint filter.

14. The dnlling system of claim 11, wherein the infor-
mation handling system i1s configured to analyze surface
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measurements to determine the two or more frequencies of 2°

stick-slip vibration.

15. The drnilling system of claim 14, wherein the surface
measurements comprise RPM, torque, calculation from a
model, analyzing downhole measurement data, or any com-
bination thereof.

16. The dnlling system of claim 11, wherein the infor-
mation handling system 1s configured to determine one or
more mechanical properties include equivalent top drive
inertia, shear modulus, or density and moment of a dnll
string.
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17. The drilling system of claim 11, wherein the infor-
mation handling system 1s configured to identify the two or
more frequencies of stick-slip vibration from a surface
torque frequency map.

18. The drilling system of claim 11, wherein the top drive
variable-frequency drive comprise an internal feedback
loop.

19. The dnlling system of claim 11, wherein the infor-
mation handling system 1s configured to alter the controller
with a feedback loop.

20. A dnilling system comprising:

a top drive, wherein the top drive comprises a top drnive

variable-irequency drive

a controller configured to receives an mput of a revolu-

tions per minute (RPM) setpoint that 1s processed with
at least a second order linear differential equation that
produces a torque signal and wherein the RPM setpoint
initiates a torque output from the controller;

a feedback loop attached to the controller and the feed-

back loop comprises a filter that 1s a set point filter;
an internal feedback loop attached to the controller that
transmits RPM measurements;

a drill string, wherein the drill string 1s attached to the top

drive;

a bottom hole assembly, wherein the bottom hole assem-

bly 1s connected to the drill string;

a drill bit, wherein the drill bit 1s connected to the bottom

hole assembly; and

an mformation handling system, wherein the information
handling system 1s configured to record two or more
frequencies of stick-slip vibration and control the drill
string to absorb the two or more frequencies of stick-
slip vibration concurrently on the drnll string by con-
trolling the top drive.
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